Shape priming was studied in four experiments comprising a complex search task in which subjects searched for a target shape presented among three distractors and reported the location of the target. Localization performance improved as a function of the duration of stimulus exposure and prime lead time. The efficiency of shape primes in improving performance decreased when lateral masks were presented near the target. Generally, both preprimes and simultaneous primes improved localization accuracy. With laterally masked stimuli, the preprimes and simultaneous primes were equally effective; when neighboring mask items were absent, the effect of preprimes was more pronounced. The results suggest that different strategies were used in the preprime and in the simultaneous-prime conditions.
INTRODUCTION
Visual information processing is selectively enhanced or inhibited by various cues or primes (for a review, see, e.g., Johnston & Dark, 1986) . Selection of information for further processing in vision is most efficient when location cues (abrupt onset cues or symbolic location cues such as arrows) are used: cuing the location where a target stimulus will be presented can make the response more accurate (e.g., Eriksen & Lappin, 1967; Nakayama & Mackeben, 1989; Prinzmetal et al., 1986) or faster (e.g., Eriksen & Hoffman, 1972a,b; Yantis & Jonides, 1984) .
However, preknowledge of the value of a target for other stimulus attributes can also improve performance (for a review, see Laarni & H~ddnen, 1994) . For instance, preknowledge of the target's overall shape may help target identification. First, a prime stimulus, identical to a target shape and presented in advance of it, may facilitate the coding of the target when it is flashed on (e.g., Grice & Gwynne, 1985) . Another possibility is that shape priming affects decision processes that map noisy percepts into responses (e.g., Htibner, 1996a,b) .
In order to produce shape-priming effects, different kinds of instructions and stimulus presentation modes can be used. For instance, shape primes can hasten the identification of a target presented at a fixed location in an otherwise empty field (Grice & Gwynne, 1985; Jacobs & Grainger, 1991) , but they can also aid a search for a target displayed among a number of distractors (Laarni & H~ikkinen, 1994 particularly effective when subjects are specifically instructed to attend to the information in the shape prime (Lambert & Hockey, 1986) , they can improve performance even when subjects are instructed to ignore or, at least, not to consciously attend to the prime information (Grice & Gwynne, 1985) . The shape priming effects can also be produced on a triM-by-trial basis, i.e., the selective processes underlying the enhanced performance can be readjusted from trial to trial (Laarni & Hiikkinen, 1994; Lambert & Hockey, 1986) .
Temporal and spatial properties of shape priming
The shape-priming effects may depend on temporal properties of an experimental trial, i.e., on the duration of the stimulus exposure and prime lead time (Laami & H~ikkinen, 1994) . It is well known that there is an optimal cue lead time for location cuing effects (e.g., Nakayama & Mackeben, 1989) . In a similar way, in shape priming, performance should gradually increase when the prime lead time increases from 0 msec, and then level off when the lead time is long enough for processing the prime in such a way that it can be used as a selection criterion (see, e.g., Htibner, 1996a) .
Suppose that an optimal lead time and exposure duration of a prime are selected. Possibly, the shapepriming effect is also dependent on spatial properties of the stimulus configuration (e.g., its size) and a target's location around fixation. First, it is well known that a figure becomes more indistinct the farther away from the fovea it is moved. The basis of the obscurement of peripheral vision is anatomical: in the retinal periphery cones are more sparsely distributed and their receptive fields are larger. However, the confusion of the peripheral field may also in part reflect a learned way of attending: similar to visual acuity, the concentration of attentional resources may drop progressively from the center of the 2561 visual field to the periphery of the retina (see Geiger & Lettvin, 1986) . Moreover, the farther away from the fovea an item is moved, the more difficult it may be to allocate more attention to its location (e.g., Egly & Homa, 1984) . This means that the ability of cues or primes to improve performance may decline progressively with the eccentricity of the target item.
Second, identification accuracy and response speed depend on the location of the target around fixation (e.g., Payne, 1967; Engel, 1971; Kr(Jse & Julesz, 1989) . A shape is responded to more quickly and identified more accurately when it is displayed on the horizontal axis than on the vertical axis or oblique axes. This nonsymmetrical performance is mainly caused by anatomical irdaomogeneities, such as the unequal distribution of cones (Curcio et al., 1987) or ganglion cells (Perry & Cowey, 1984) around the fovea. However, again the inequalities may in part reflect the uneven distribution of attemion, that is, at a given eccentricity more attentional resources may be concentrated on the horizontal axis than on the vertical axis or oblique axes (Tsal, 1989) . Whether the efficiency of shape primes is similarly dependent on the location of the target around fixation is not known.
Third, masking a target laterally makes its identification more difficult. The effect of lateral masking is increased as the distance between the target and masks is decreased (Flora et al., 1963) and the target is moved farther away from the fovea (Bouma, 1970) . On the other hand, Geiger & Lettvin (1986) have shown that shape information that is laterally masked is not irretrievably lost in the visual system. They found that a target letter, presented as a middle letter in a three-element string, could be demasked if an identical shape prime was presented simultaneously at fixation. Since lateral masking may have different properties and causes at different spacings (see Wolford & Chambers, 1983) , the efficiency of shape primes may also depend on target-mask distance.
Our aim here was to study to what degree a shape prime could improve the detection of a target presented among three distractors differing in shape. Distractors were identical in contour shape. They were either homogeneous (all in the same orientation) or heterogeneous (randomly rotated or all in different orientations). A shape-localization task was used. In Experiment 1, we varied the duration of the stimulus exposure and studied whether both preprimes and simultaneous primes could improve localization performance in comparison with a control condition, where no prime was shown. In Experiment 2, the duration of the stimulus exposure was fixed, but the prime lead time varied from 0 to 1000 msec. In Experiments 3 and 4, we manipulated some spatial properties of the stimulus configuration. The effect of eccentricity of stimulus presentation and the location of the target around fixation was studied in Experiment 3. In Experiment 4, in which the stimuli were laterally masked, we studied whether the efficiency of shape primes depended on target-mask distance.
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Ig 4 $ FIGURE 1. The eight shapes used in the four experiments. The actual stimuli were gray on a black background. They were paired together, so that if, e.g., Stimulus 1 was the target, Stimulus 5 was presented as a distractor.
affect perceptual processes is to use a forced-choice task with the primes valid on 100% of trials. A spatial forcedchoice task was thus used in which the subject had to search for a target located among three distractors and report the target's location.
GENERAL METHODS

Subjects
Three to four subjects participated in all the experiments. One was always the first author, the other were undergraduate students and naive as to the purpose of the experiment. All of them had normal or corrected-tonormal visual acuity. The naive subjects were paid for their participation. Each of them participated in one experiment only.
Apparatus
The stimuli were presented on a multisync 14-in. cathode-ray tube (Commodore 1950) controlled by an Amiga microcomputer with a GVP 030 acceleration card. The frame rate of the monitor was 60Hz in a noninterlaced mode. The stimulus presentation was synchronized with the vertical scan of the screen.
Stimulus presentation
The fixation field consisted of four gray squares, each subtending 0.34 deg. They were centered 1.0 deg radially from fixation on the circumference of an imaginary circle. The four squares formed either a plus sign or a cross. At fixation there was a similar square surrounded by a circle or four line segments. The central square was replaced by the prime figure. Eight letter-like block figures were used as stimuli (see Fig. 1 ). All the blocks were gray on a black background. The block figures were constructed with the constraint that complete symmetry with respect to both the horizontal and vertical axes together was forbidden. The figures could be displayed at eight possible locations. Four of them were displayed at the same time either in a plus or cross formation (see 2). Three of the figures were identical in contour shape, one of the figures was different. Experiment 1 consisted of two parts. In the first part, the three distractors were randomly rotated 0, 90, 180 or 270 deg clockwise from the upright; in the second part, they were in the same (basic) orientation. In Experiments 2-4 the distractors were always rotated. The approximate luminance of all the gray elements was 8 cd/m 2, measured by a Spectra Spotmeter. The same shape prime was never seen twice in sequence, and the location of a target was selected randomly with the constraint that each shape was presented an equal number of times at each location. If subjects practise with one set of shapes always serving as targets, and another set always as distractors, over a series of trials, the distractors come to lose their interfering effect on the targets (Schneider & Shiffrin, 1977) . Therefore, targets and distractors were changed continuously on a block-by-block basis. The masking stimulus, which immediately followed the offset of the stimulus, consisted of a checkerboard figure containing black and gray squares distributed at random. The size of the squares matched the size of the blocks of which the block figures had been made. Four masking stimuli, selected randomly from trial to trial, were used. The masking field remained present for 250 msec.
The room was moderately lit. The subject's head was positioned on an adjustable chin-rest placed at a distance of 171 cm from the monitor. Viewing was binocular. Below the screen was a memo table on which the information concerning the eight possible stimulus locations and the keys related to them was displayed. Figure 3 shows the sequence of events for an experimental trial in Experiments 1, 3 and 4. In Experiment 2 the sequence differed to some extent (see below). The subject had to fixate and maintain gaze at the central figure throughout a trial. A central square, a surrounding figure (a circle or line segments) and four gray squares were all present from the start of a trial. After about-l.0 sec, the surrounding figure decreased in size and, in the preprime condition, the prime was flashed 
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Blank Interval ea 1000 n~ FIGURE 3. An illustration of the stimulus sequence in the preprime condition in Experiment 1. The stimuli were actually gray on a black background. The distractors were either uniform or randomly rotated as shown here. In the simultaneous-prime and no-prime conditions the disappearance of the surrounding figure informed subjects that the stimulus array would soon appear.
on. The decrease of the surrounding figure functioned as a warning signal in the simultaneous-prime and no-prime conditions. The prime lead time was either 0 msec (simultaneous presentation) or 1000 msec (preprime), and the prime remained present for 500 msec. The surrounding figure disappeared at the same time as the prime was replaced by the square. At the onset of the stimulus field, the four gray squares were replaced by black and gray block figures. In Experiment 1 the duration of the stimulus exposure varied from 50 to 167 msec. In Experiments 2-4 it was adjusted to values at which the subject localized the target at about a 60% accuracy level in the preprime condition. The subject was asked to report the location of the figure that differed in shape from the three distractors. He/she,indicated the location of the target by pressing one of eight keys on the Amiga keyboard. Four of the keys were on the right-hand side of the keyboard and four were on the left-hand side. When the response was given, the subject received feedback of its correctness. The next trial then started automatically.
RESULTS
Experiment 1: exposure duration
Methods. In the first experiment, the exposure duration of the stimulus display varied from 50 to 167 msec. In the first part of the experiment, the three distractors were randomly rotated; in the second part,, they were in the same orientation. Three priming conditions were studied: in the preprime condition, a prime figure was presented at a lead time of 1000msec for 500msec; in the simultaneous-prime condition, the prime was presented simultaneously with the stimuli, and in the control condition no prime was shown. The central square was surrounded by a circle. The circle decreased in size at the same time as the prime was flashed on in the preprime condition, and it vanished as the prime was replaced by the gray square. The aim was, first, to see how the performance depended on the duration of the stimulus exposure and whether any interaction between priming condition and exposure duration could be found. The second goal was to study whether there is an advantage for primed over unprimed shapes and whether preprimes are more effective than simultaneous primes. The mere presence of a foveal stimulus (that replaces the fixation dot), even with instructions to ignore it, has been shown to be able to impair peripheral performance (Holmes et al., 1977) . Therefore, localization accuracy should be lower in the simultaneous-prime condition than in the preprime condition, even though the processing of the surrounding stimulus array would be similar in the two cases. Since there would then be more room for an improvement in performance in the simultaneous-prime condition, the asymptotic level of performance may be reached in this case at longer exposure durations.
There were 6-8 experimental sessions, each lasting approximately 40 min. Each session consisted of 384 trials. The 384 trials were divided into 24 blocks, in each of which the priming condition was fixed. One practice session of approximately 300 trials was used. It was conducted by presenting the stimulus at longer durations in the early stages and then gradually shortening the duration. There were also approximately 50 practice trials at the beginning of every second session. Three subjects participated in both parts of the experiment.
Results and discussion. Percentages of correct localization reports in the three priming conditions as a function of stimulus exposure duration are given in Figs 4 and 5 for each subject. As can be seen, performance improved as a function of exposure duration in all conditions. In the preprime condition, performance seemed to level off at 100 msec, suggesting that without changes in fixation it was no longer possible to improve localization accuracy. Generally, preprimes were more effective than simultaneous primes. In addition, both preprimes and simultaneous primes were more effective when the distractors were randomly rotated than when they were all in the same orientation.
To stabilize variances, an arcsine transformation was first applied to the percentages of correct reports (Winer, 1962) , and then the transformed data were analyzed in a three-way ANOVA (subjects, condition, exposure duration). When distractor orientation was randomized, the main effects of condition, F(2,4) = 59.71, P < 0.001, and duration, F(7,14)= 14.07, P < 0.001, were significant, but their interaction was not. All Newman-Keuls post hoc comparisons between the conditions were significant at the 0.01 level, Moreover, all comparisons between the 50 or the 67-msec-duration condition and the other six conditions were significant at that level. The results were similar, when the distractors were in the same orientation: the main effects of condition, F(2,4) = 8.53, P < 0.05, and duration, F(7,14)= 78.18, P < 0.001, were significant, and Newman-Keuls post hoc comparisons showed that both preprimes and simultaneous primes improved performance significantly at the 0.01 level. Localization accuracy increased as a function of stimulus duration, and most of the improvement seemed to happen during the first 100 msec.
Preprimes were significantly more effective than simultaneous indicators. This is easy to understand, if the presence of a foveal prime impairs localization accuracy in the simultaneous-prime condition even when there is no need to report the central item (Holmes et al., 1977) . However, even though simultaneous indicators presumably increased task load, they also produced benefits as compared with performance in the no-cue condition. This finding is inconsistent with our previous results (Laarni & Nyman, 1996) , which showed that simultaneous primes could not improve identification accuracy. There were two methodological differences between the studies that may explain the discrepancy. First, and most importantly, in our previous study only a single element was presented in the peripheral field, and the subject's task was to detect the prespecified target in a two-interval temporal forced-choice task. In the present study, a search task was used in which the subject had to detect a target and localize it in a spatial forced-choice task. Here the prime could presumably be matched successfully against the stimulus array on most of the trials (Posner & Snyder, 1975) ; in the former study, where no search was needed, the prime could not enhance processing of the target shape to such a degree that its visibility would have improved. Second, different kinds of stimuli were used in our two studies. In Experiment 1, the stimuli were meaningless block figures, whereas in the previous study they were letters and digits. Complex and unfamiliar stimuli made the task more difficult and, thus, there was more room for shape primes to improve performance. As a consequence, the priming effect was more pronounced in the present experiment.
One possibility is that, in the simultaneous-prime condition, the prime and target were grouped together by similarity, so that they formed a single structural unit (e.g., Duncan & Humphreys, 1989; Kahneman & Henik, 1977) . As Adini & Sagi (1992) have recently shown, items of such a unit can be identified simultaneously by the attentive system. On the other hand, here the subjects had only to localize the target. Since the grouped items formed a "line" from the center of the display, the direction of this line alone could provide an effective cue to the correct response.
The goal of the second experiment was to study the temporal properties of shape priming by sampling several prime lead times from 0 to 1000 msec. If encoding of the prime is not an instant event, performance should improve as a function of prime lead time. If, however, the prime is processed even at the shortest lead time to the point at which it is possible to use the information as a selection criterion, no improvement should be found as the lead time increases. On the other hand, if the prime also functioned as a warning signal, performance should improve as a function of lead time until the optimal preparation is achieved (see, e.g., Posner & Boies, 1971) .
Experiment 2: prime lead time
Methods. The duration of the stimulus exposure was 84-133msec, the exact duration depending on the subject's performance level in the previous block in which preprimes had been used. The duration was adjusted to a criterion level of about 60%. The sequence of events was similar to that in Experiment 1, with the exception that the prime remained present for the entire prime lead time, which varied from 0 to 1000 msec. The prime lead times were 0, 50, 100, 150, 200, 300, 400, 500, 700 and 1000msec. When the shape prime was displayed, the circle which surrounded the fixation square disappeared. In the control condition this disappearance functioned as a warning signal. The three distractors were randomly rotated.
Four subjects performed the experiment. Each of them participated in six-eight experimental sessions, each one consisting of 320 trials. The 320 trials were divided into 20 blocks of 16 trials, in each of which the priming condition was fixed. The amount of practice per subject was similar to that in Experiment 1.
Results and discussion. Figure 6 shows separately the results of the four subjects. As seen in the figure, a preprime generally improved percentages of correct reports for all subjects. Performance also improved as a function of prime lead time, but reached an asymptote quite rapidly, i.e., after 150-400msec. A three-way ANOVA (subjects, condition, lead time) confirmed these observations. The main effect of condition, F(1,3)= 22.36, P<0.025, and lead time, F(9,27)=3.06, P < 0.05, were significant, as was their interaction, F(9,27) = 5.78, P < 0.01. The simple effect of lead time on performance in the preprime condition was also significant, F(9,30) = 3.69, P < 0.005, but not in the noprime control condition. The results are consistent with our recent findings (Laarni & H~kkinen, 1994) , which showed that identification accuracy in the shape-prime condition improved when the prime lead time increased, but reached an asymptote after 200--300 msec. Since the effect of lead time was not significant in the control condition, the temporal alerting effect of a prime could hardly explain the improvement. It is more probable that the increased lead time was used to process the prime in such a way that it could function as a selection criterion.
Detection performance in visual search for complex stimuli is presumably dependent on several spatial properties of a stimulus configuration as well as on the temporal properties of a stimulus sequence. At least, the performance is critically dependent on the eccentricity of the target and its location around the fixation point. Detection accuracy has been shown to decrease when the stimulus eccentricity increases (Perry & Cowey, 1984) , and the performance should be better when the target is displayed on the horizontal or vertical axis than on the oblique axes (e.g., Payne, 1967; Krtse & Julesz, 1989) . These performance differences are mainly caused by retinal inhomogeneities, but, in part, they may result from the uneven distribution of attentional resources (Tsal, 1989 ; see also Geiger & Lettvin, 1986 ). For instance, if the obscurement of peripheral vision is in part attentional in nature, and if shape primes can, at least in part, compensate for this obscurement, the decline in performance with eccentricity might be less steep in the prime conditions than in the no-prime condition. On the other hand, if the performance even fell off more steeply in the preprime and simultaneous-prime conditions, even though there would also be room for a decline in the no-prime condition, this would suggest that the efficiency of shape primes decreases as a function of eccentricity.
Experiment 3: eccentricity and target location around fixation
Methods. The stimuli were displayed at one of four eccentricities. The possible eccentricities were 2, 4, 6 and 8 deg. To allow the display of stimuli at these eccentricities, the viewing distance was 28.5 cm. All the subjects could accommodate the elements from this distance. To improve image quality, the display of the monitor was condensed. Approximate luminance of the elements was 26 cd/m 2. To make the effect of distractors comparable in each display, the three identical distractors were presented in different orientations. Instead of a circle, there were four line segments that surrounded the central figure. The lines came closer to the central figure as the preprime was flashed on, and they vanished as the prime was xeplaced by'the square, The sequence of events was similar to that in Experiment 1. Theprime lead time was 1000 msec in the preprime condition and 0 msec in the simultaneous-prime condition. The duration of the stimulus exposure was 84-133 msec, the exact duration depending on each subject's performance level. Four subjects performed the experiment. They participated in four sessions, the first one being for practice. Each session consisted of 768 trials. The 768 trials were divided into two subsessions. In each subsession there were 12 blocks of 32 trials, in each of which the priming condition and the stimulus eccentricity were fixed. The order of the blocks was randomized with the constraint that the same condition and eccentricity were never seen twice in sequence. About 300 trials were presented in the practice session. In addition, there were close to 50 practice triais at the beginning of each session.
Results and discussion. Figure 7 shows percentages of correct localization reports as a function of stimulus eccentricity. In Fig. 8 , the results are plotted as a function of the angular distance of the target from fixation. For all subjects, performance was better in the preprime condition than in the no-prime control condition. Although simultaneous primes also improved performance for all subjects, at least at one of the four eccentricities, preprimes were clearly more effective. Generally, performance dropped off slightly as the eccentricity of the presented stimuli increased. The change of the slope seemed to be most pronounced between the eccentricities of 4 and 6 deg. As can be seen in Fig. 8 , in the simultaneous-prime condition performance was better when the target was displayed on the horizontal axis than on the oblique axes. In the preprime and in the no-prime conditions the differences between target locations were slight.
A three-way ANOVA (subjects, condition, eccentricity) showed that the main effects of condition, F(2,6) = 33.70, P < 0.001, and eccentricity, F(3,9) = 7.55, P < 0.01, were significant, but their interaction was not. All Newman-Keuls post hoc comparisons between conditions were significant at the 0.01 level. In addition, performance was significantly better at the 0.05 level when the target was at an eccentricity of 2 or 4 deg rather than 8 deg.
The results plotted as a function of the location of the target around fixation were first summed up over the four eccentricities and then analyzed in a three-way ANOVA (subjects, condition, location). The main effect of condition was again significant, F(2,6)= 31.32, P< 0.001, as was two-way interaction between condition and location, F(14,42)= 2.78, P<0.01. The simple effect of location in the simultaneous-prime condition was also significant, F(7,21) = 4.93, P < 0.01.
As the stimuli were moved farther away from the fovea, localization accuracy seemed to decrease even more steeply in the preprime condition than in the noprime condition. This may reflect, at least for two of the four subjects, the fact that there was a lot of room for a decline in performance in the preprime condition, but in the no-prime condition the performance was barely above chance at an eccentricity of 2 deg. Therefore, the question whether the efficiency of shape primes decreases as a function of eccentricity cannot definitively be answered. Surprisingly, localization accuracy did not markedly differ between the main axes and the oblique axes in the no-prime condition. This finding is in contradiction with previous results (e.g., Payne, 1967; Krrse & Julesz, 1989) which have shown that both identification accuracy and response speed are dependent on the location of the target around fixation. As subjects tried to identify the target at different locations around the fovea, acuity was perhaps not the limiting factor, but matching across orientations might be. In any case, the fact that performance did not differ between target locations in the no-prime condition indicates that there was hardly any response bias concerning the localization of the target in this experiment. Had response bias appeared in this condition, it would probably have increased the effects of low-level inhomogeneities, i.e., the subject should have reported as a target location more frequently one of the locations where it was more easily seen.
As can be seen, performance in the prime conditions was best in the left horizontal location. It is possible that this asymmetry is related to reading from left to right; that is, the subjects started to scan the peripheral items from the left location of the horizontal axis. Interestingly, the effect of the location of the target around fixation seemed to be generally more prominent in the simultaneousprime condition than in the preprime condition. It is possible that, in order to make use of the prime in the simultaneous-prime condition, the subject had both to fixate and concentrate his/her attention more tightly on the center of the display. As a consequence, the effects of low-level inhomogeneities were more clearly seen in this condition.
The results are mainly consistent with Geiger and Lettvin's previous findings. First, although the efficiency of shape primes for improving localization accuracy slightly decreased as a function of eccentricity, it was still prominent at the eccentricity of 8 deg that Geiger and Lettvin used in their experiments. Second, as in their study, detection accuracy was better in the simultaneousprime condition, when the target was presented at the two horizontal locations than at the vertical locations.
Geiger and Lettvin also showed that the efficiency of shape primes was reduced when the target letter was laterally masked by two noise letters. In the next experiment, we investigated the effect of lateral masking on prime efficiency in a search task. If different strategies (matching vs grouping by similarity) are used in the ÷&+ X. X FIGURE 9. Example of a stimulus masked by the two different lateral masks in Experiment 4.
preprime and simultaneous-prime conditions, lateral masking may affect them differently.
Experiment 4: lateral masking
Methods. The four stimulus figures were masked laterally on both sides. Two different mask figures were used (see Fig. 9 ), but they were identical within each display. The masks were changed on a block-by-block basis, and their distance from the stimulus figure was 1, 2, 3 and 4 deg from center to center. To produce equal masking for each stimulus, the figures were presented only on the main axes of the display, i.e., only a plusformation was used. Their distance from the fixation cross was 6 deg. In the fixation display the gray squares were displayed at the locations of both the target and the masks. The sequence of events was similar to that in Experiment 3. The prime lead time was either 1000 msec (preprime) or 0 msec (simultaneous presentation). Since lateral masking made the task more difficult, the exposure duration was made longer (150-250msec) than previously. It is improbable that the subjects moved their eyes during these longer durations. There are two reasons for this. First, at stimulus onset, there were no abrupt luminance increments at the periphery which could accidentally capture attention on one of the possible locations. Second, the naive subjects were urged to fixate the center of the display throughout a trial, and they were told that fixation changes at the critical moment the stimuli were displayed would make their identification more difficult.
Three sessions were conducted, the first one being for practice. There were 768 trials in each session, divided into two subsessions of 12 blocks. Sixteen trials were presented in each block, in each of which the condition and the target-mask distance were fixed. The order of the blocks was randomized as in Experiment 3. Four subjects participated in the experiment.
Results and discussion. The results were summed up for the two modes in which different masks were used. As seen in Fig. 10 , there was a distance effect in the preprime and simultaneous-prime conditions but not in the noprime condition. Both primes improved localization accuracy and, surprisingly, they were nearly equally effective. Generally, the efficiency of the primes was most pronounced at the three largest target-mask distances.
A three-way ANOVA (subjects, condition, distance) confirmed these observations. The main effects of condition, F(2,6)=49.71, P<0.001, and distance, F(3,9) = 30.84, P < 0.001 were significant, as was their interaction, F(6,18)=3.71, P<0.05. As previously reported, Newman-Keuls post hoc comparisons showed that both primes improved performance significantly at the 0.01 level, but no difference was found between the two priming conditions. Moreover, the differences between the two densest and the two sparsest targetmask distances were significant at the 0.05 level. This suggests that the masks lost their effect when they were presented at about 3 deg from the target, i.e. midway between a target element and the fixation cross (see Bouma, 1970) .
Although shape priming could improve localization accuracy, the primes could not enhance the processing of the target, and/or inhibit the processing of the lateral masks, to a degree sufficient to allow the subjects to segregate the target from the context equally efficiently at different target-mask distances. In fact, the efficiency of the primes was markedly reduced when the target and surrounding masks were located close enough to each other.
In previous experiments, the preprimes were more effective than the simultaneous primes, but here the performance was similar in the two prime conditions. If the observer used different strategies when the elements were laterally masked, i.e., if he/she matched the memory of the prime against the array in the preprime condition and, for instance, grouped the prime and target together by similarity in the simultaneous-prime condition, lateral masks presumably deteriorated letter matching performance more than similarity grouping.
GENERAL DISCUSSION
Taken as a whole, preprimes improved localization performance for all subjects; simultaneous inducers were less effective. In Experiment 1, with randomly rotated distractors performance improved generally with both primes; with homogeneous distractors simultaneous primes did not improve performance for all subjects. In Experiment 2, in which the prime lead time was varied, localization performance improved as a function of the lead time in the prime conditions, but leveled off quite rapidly. In the last two experiments, the effects of the location of the target around fixation, eccentricity and lateral masking were studied. With the target displayed at increasing eccentricity from the central fovea, performance decreased in the preprime condition even more steeply than in the no-prime condition. This might, at least in part, be caused by the fact that there was a lot of room for a decline in performance in the preprime and simultaneous-prime conditions, but in the no-prime condition performance was at chance or near to it even at the eccentricity of 2 deg. When the results were replotted as a function of the location of the target around the fixation cross, the target was localized more efficiently in the simultaneous-prime condition when it was displayed on the horizontal axis than on the oblique axes. This may reflect more efficient grouping in the horizontal direction. Instead of that, performance did not differ between target locations in the preprime and in the no-prime conditions. In Experiment 4, the target was masked laterally with two noise elements and their distance from the target was varied. The preprimes and simultaneous primes were shown to be equally effective.
The task of detecting and localizing a target element in the context of distractors whose contour shapes are identical can be difficult for complex figures. Because there was a lot of room for primes to improve performance, it was thus no surprise that the priming effect was generally prominent in the four experiments. When there were no lateral masks surrounding the four elements, the preprimes were more effective than the simultaneous primes; when the elements were laterally masked, they were nearly equally effective. Previously, Geiger & Lettvin (1986) argued that the two conditions were different in nature. They called the priming effect "eccentric enhancement" when the target was presented in peripheral vision in an otherwise empty field, and "demasking" when it was laterally masked by noise letters. For demasking, the prime letter had to be presented at fixation and the target on the horizontal axis; for enhancement, the inducer could be presented outside the fixation point, and the target in all directions away from fixation.
However, it was apparently not only the nature of the two conditions that differed, but preprimes and simultaneous primes might also improve stimulus selection differently; that is, they made it possible to segregate the target from the context of distractors in slightly different ways: the memory of a preprime was perhaps matched against the array, whereas a simultaneous prime might be grouped together with the identical target element by similarity (e.g., Duncan & Humphreys, 1989) . In the latter case, the oriented line the grouped items formed might thus function as an effective cue to the correct location.
It is well known that, when multiple instances of a target are simultaneously (redundancy gain) or sequentially (repetition priming) presented in the display, performance becomes more accurate (Doherty & Keeley, 1969; Eriksen, 1966; Eriksen & Lappin, 1965; Kinchla, 1974) and faster (Miller, 1982a,b; van der Heijden et al., 1984; see, however, Kanwisher, 1987 see, however, Kanwisher, , 1991 . If a subject is specifically attending to one of the replications, the effects are even more pronounced (Lambert & Hockey, 1986) . In a visual search task, shape priming can also improve the detection and identification of the target, although not as much as direct location cues (e.g., abrupt onsets; Kingstone, 1992; Lambert & Hockey, 1986; Posner & Snyder, 1975) . Recently, Chelazzi et al. (1993) presented physiological evidence for shape-specific selection in visual search. In their study, monkeys were first presented with a cue, and after a 1500-3000 msec delay, two to five choice stimuli. It was found that the shape cue activated neurons in the inferior temporal cortex, so that responses to distractors were suppressed 90-120 msec before the onset of the saccade to the target, and the response of the neurons was determined by the target.
Our results showed clearly that prime efficiency varied as a function of the prime lead time, the location of a target around fixation and lateral masking. Except for Experiment 4 in which the stimuli were laterally masked, preprimes were also shown to be more effective than simultaneous primes, which may reflect the fact that different strategies were used in the two priming conditions. However, some interesting questions still remain unresolved. First, since it was necessary in our study to search for a target, the nature of the task was different from the traditional letter-matching task in which maximally two elements are presented at the same time. It is well known that when distractors are presented in the display, they can accidentally capture attention to their location (Yantis & Jonides, 1984) . It is also known that the distractors that are located close enough to the target can make its identification more difficult, even though the location of the target has been designated shortly beforehand (e.g., Eriksen & St. James, 1986) . Thus, the efficiency of the primes may be critically dependent on display numerosity. Both Humphreys (1981) and Hillyard & Mtinte (1984) showed that the color priming effects were more prominent, the nearer the possible target locations were to each other. Whether shape priming is similarly dependent on the density of the possible target locations is not known.
Second, in our study the stimuli were presented at contrasts far above the detection threshold. Rossi & Paradiso (1995) have recently shown that orientationand frequency-specific priming effects can also be found in a detection task at contrasts near the detection threshold when more simple stimuli, such as Gabor patches and sine-wave gratings, are used as primes and targets. In their study, the detectability of the peripheral target was critically dependent on whether the subjects attended to the prime information or not. However, it is not known whether comparable effects can be found when the prime and the target are presented only simultaneously, and when distracting elements are also presented in a display so that active search for the target is needed.
Third, the primes neither markedly enhanced the encoding of the target element in such a way that stimulus elements, obscured by attention, could be clarified. It is thus unclear to what extent shape priming affects the perception of a stimulus configuration, and to what extent decision processes that map percepts into responses do (see e.g., Palmer et al., 1993; Palmer, 1994) . The signal detection theory should be applied to clarify at which levels of stimulus processing the priming effects occur. Unfortunately, its application was not warranted here, because the possible targets and distractors were variably mapped, i.e. the target and distractor sets were continuously changed on a block-by-block basis.
To summarize, we studied the effect of exposure duration, prime lead time, and the properties of a display configuration on shape priming in a visual search task. It took time to process the prime in such a way that it could be used as a selection criterion. For preprimes, the priming effect was prominent both with uniform and rotated distractors. Interestingly, simultaneous primes were generally also effective. In fact, with laterally masked stimuli, the simultaneous primes were as effective as the preprimes. When the stimuli were presented without surrounding mask elements, the effect of preprimes was more pronounced. As the results were plotted as a function of a target' s location around fixation, the effect of location was more pronounced in the simultaneous-prime condition than in the preprime condition. Our findings suggest that subjects presumably matched the memory of the prime against the stimuli in the preprime condition and grouped the prime and target together by similarity in the simultaneous-prime condition.
